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A METHOD OF DETERMINING SENSITIVITY OF hICKETTSIA
BURNETI TO ANTIBIOTICS IN VITRO

jollowing is the translation of an article by Ye. P.
Savitskaya in the Russian-lar-Suage journal Antibiotiki
(Antiobiotics), Vol 8, No 6, 1963, pages 512-516.

Tnstitute of Epidemiology and Microbiology imeni N. P.
Gamaleya of the Academy of Medical Sciences USSR

Several simple methods are available in determining the
* sensitivity of bacteria to antibiotics in vitro: paper discs, series

solutions,. phase-contrast microscopy, but not one of them is suitable
for a large group of cytotropic microorganisms known under the general
name of Rickettsia. Therefore, experiments to determine Rickettsia
sensitivity to antibacterial preparations have been carried out either
"on animals or in chick embryos (1-7). i

At present, the effect of antibiotics and other inhibitors on
various species of Rickettsia have begun to be studied in vitro in

* tissue cultures (8).
A method has been proposed of studying the effect of anti-

biotics on the psitacossis and Rickettsia Burneti viruses in vitro
in tissue culture using oinemiorophotography to record the action
"of oxytetracyoline (9). This is a very graphic method, however, 't
requires fairly complex equipmentation of the laboratory and there-
fore has not found broad use.

The aim of this study is to develop a simple and more accessible
k method of determining in vitro the sensitivity of Rickettsia Burneti

to axltibiot.L~cs in order to select the most e i- ant+ibiotic.

Methods

Rickettsia Burneti is cultivated in a monolayer culture of
fibroblasts obtained by tryptic digestion of 9-10-day old chick.
embryo. The medium for the cultivation was of the following formulation:



1) synthetic medium 199 -- 30 %; 2) Tirode salt solutions -- 50 %;3) inaoti7mted calf serum -- 10 %; 4) cellular suspensions -- 10 %;
5) penic-L*2 ..- 100 umita/ml. One ml of medium contained 155,000-
160,000 cells.

The cultures were prepared in ordinary test tubes 180 X 18 mm
in size containing 1.6 ml of medium and on cover slides 13 X 24 mm in
sise,.placed on the flat side in small test gubes (10) containing 1.2 ml
of medium.

Under these conditions of cultivation (at 36°), the fibroblasts
formed a continuous layer by the third-fourth day. At this time, a par-
tially purified suspension of Rickettsia Burneti (Grit strain) was
added to the tubes. The mixture was cultivated in chick embryo yolk
macs. The eggs were opened by the fifth-sixth day after infection,
as the chick embryos succumbed, the yolk sacs were removed with maxi-
mum content of Rickettsia, checked for sterility, and frozen at -25*.

On the day of the experiment, the frozen sacs were rapidly
thawed Jn warm water (350) and a 10 % suspension in saccharose-
glutamate medium (SG) ffee Note/

(fmf The SG medium is of the following formulation: glutamic
acid -- 0.005 M, sacoharose -- 0.218 M, KH PO -- 0.0038 M, KHPO -

0.0072 M, pH 7.0-7.2 (brought to this pH w2th N NaOH, steri izei in
flowing steam at 1000 fer 40 minutes or at 1200 for 30 minutes).

The tissue suspension was partially purified by centrifuging
twice for 10 minutes at 3000 rpm.

For Rickettsia infection of the fibroblast cultures, the medium
was removed from the test tubes and replaced with fresh (formulation
as before) medium containing 10 % Rickettsia suspension. In this way,
1 ml. of the medium contained 1/100 of the Rickettsia-infected yolk sac.
For the controls, part of the cultures remained uninfected with Ricket-

* £sia, and in their place an equal amount of suspension of normal yolk
sac in the JG medium was added. The cultures containing Rickettsia
were placed in a thermostat at 35o° Multiplication of Rickettsia
Bur•neti began from the second-third day and was accompanied by morpho-

* logical changes of the fibroblasts -- from elongated polygonal cells
-they became circular. Sore of the cells gradually enlarged. The

.extent of Rickettsia propagation in the culture was determined by the
method of counting 100 cells and recording the Rickettsia accumulated
in each cell (11). For this purpose, 1.6 ml of an 0.25 %verse• solu-
tion was added to the culture in a large test tube, shaken vigorously,
and the test tube left stand inclined for 15-20 minutes in a thermostat.
Under the effect of Versene and the mechanical action, the cellular
layer was shaken off the glass eurface and broken up into individual
cells. Four thin smears were made from this suspension (two per single
slide). The smears were left in a thermostat until dried completely,
then they were fixed in the flame of a burner and stained with carbolic
fuohaine, decolorized with citric acid, and stained with methylene blue
following the Mdrodovskiy method (12). The Rickettsia stained red was
easily visible against a background of blue cells.
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To de4ermine the extent to which cells have been infected with
Rickettsia, 100 well Patined whole cells were examined (50 cells in a
single smea*r .nd)50 in another) and evaluated in the following scheme:
0 -- no r'kettSla in:the cell; + -- from I to 5 Rickettsia in the cell;
++ -- from 6-2.; 4 +++.--.more than 20 Rickettsia in the cell.

For hiW • eliability of the results, the affected cells were
counted by two tesearohers in two different preparations; the results
of the calculation were totaled and the average value derived. For
example, multipltoation of Rickettsia Burneti in fibroblasts (in per-
centages) ty d" appears as follows:

I ,. •
J424 MUSa 64 Atub Us 9-a Ia-i It- J ~ 6 o

-- 41 0-42 .0-39 0-14 0-6.
+-425 -0 - +-14.5 -+-24 .- 4

++-6 ++-,0 +_13 +4-4+ 0.B ++H--32 +-++-36.5 +----t--49 +-FO410

LEG=ND: a)on the third .day; b) on the sixth day; c) on the ninth
day; d) on the ilaelfth day; e) on the eighteenth day.

I . 5-.

t On the;.#rd following Rickettsia in-fection of tb* culturethe medium V" d&o d and placed with fresh solution containing
•the antibiotic .bsing studied. For controls, an equal amoun'•; of cul-ý

ture was left without antibiotic.
On the seoood-third day following addition of the antibiotics,

Bersene was used to pear the cells from one test tube and from one con-
trol group in oraer to estimate the number of cells containing Ricket-
taLa by +++. The' difference in the number of cells infected at +++ by
Rokettsia in the ofotrol and in the experimental culture were an indi-
cation of the antirioketal effect of the antibiotic.

On the fifth Oay following addition of antibiotics, the medium
in the cultures was replaced by fresh, containing the same amount of
preparation. 7n order to trace the effect of the antibiotic, the cells
were counted several times after two-three days.

During the same time, when the cells were being counted, prepara-
tions were prepored'in toto for microscopic examination of the cultures
on covered glasses. The latter were withdrawn from test tubes, rinsed
in a warm Tirode solution in order to wash the nutrient medium, fixed
and stained b'o one of the methods suitable for staininn Rickettsia
(according to. Ramnovskiy, Zdrodovskiy, Gimz, ete.).

kperimental Results

In the fik experiment, ohlortetracycline was added to the
Rigot11 a ti culture, which antibiotic as is known (6) exhibits
3AStt1&.1-@t&io paoperties to this species of Rickettsia. The dose of
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chlortetracycline in 1 ml of medium was 20 micrograms. During the course
of the experimo)nt, the medium containing the antibiotic was replaced with
fresh solution once more on the fifth day following the first addition
of preparat-ion; the Rickettsia content in the cells was counted three timesp
on the third, fifth, and seventh day following initial addition of the
antibiotic. As a result, the following data was obtained on the number
of cells infected by +++ Rickettsia (in percentages of the control and
experimental cultures).

64 54,5
0 1

LEGeND: a) on the third day; b) on the fifth day; c) on the seventh
day; d) control; e) experiment.

TABLE 1

Effect o• chlortetracycline on multipligation of R. burneti
in vitro in cell cultures

(S I - -'-'

K• .. I!- W15,@Kelmpuumo .. | -.. 52ZIISYSS~NUSM *20 0,5
Kuipmain. *.. - 4015

C z~pw.nms..I25 3

Kavwpmam .... - so
C 1~p~nuas. 3 5 4

250
KmQnmuu ....... --_

30 I'.

1In this experiment the multiplication of Riokettsia

Kfnet1 in the control culture was very slight.

LIGEND: a) Rickettlia Burneti; b) dose of antibiotio (in micro-
grans/~l o) percentage of calls infected with Rickettsia to ÷...
d) Control; e) With ohlortetraoycline.

To verify the reliability of the results and to determine
the sensitivity of the method subsequent experiments were per-
formed with ohlortotraoyoline used in different dose.. These
results are shown in Table 1.
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As we can see from Table 1 the method of estimating cells
infected with +++ Rickettsia in the control culture and in
the test culture can be used to detect fluctuations in the
effect of antibiotics of diffc7ent doses. Thus, in exptriment
no. 1 at a 20 microgram/ml dose of tetracycline the percentage
of infected cells to +++ was 9.5, while in experiment 5 the
antibiotic dose of 30 microgram/ml reduced the percentage of
infected cells to 1.5 (together with equalized controls), which
pointed to the sufficient sensitivity of this proposed method.

Upon comparing the activity of chlortetracycline and
sintorycin tne latter proved less active: on the 18th day
after addition of antibiotics in the control 80 per cent of
the cells infected with Rickettsia to +++ amounted to 9.5
per cent in the culture containing sintomycin, and 4 per cent
in the culture containing chlortetracycline.

Microscopic investigations of preparations in total
revealed the presence of cytopathogenic effect of Rickettsia
Burnet on the fibroblast culture, which was manifest in change
of the usual form of cells; theyvere surrounded, the nucleus
was shifted toward the side, and the cell resembled a sphere
surrounded by a thick envelope. rhanges in the cells were
noted on the third-fourth day after infection with the Rickettsia
culture, that is, before the onset of their copious mul''TrpI--
cation.

Under the effect of chlortetracycline not only was the
amount of Rickettsia in the cell cytoplasm observed to decrease,
but the cells themselves again acquired the form usual for fibro-
blasts, and a "recovery" of the cells seem to take place with
the restoration of the usual morphology (Figures 1 and 2).
This is so characteristic a picture that from a few morphologi-

cal changes the favorable effect of the antibiotics can be
estimated.

Based on these experiments we concluded that the suggested
method can be used in studying the effect of antibiotics on
RicKettsia Burneti cultures. In order to indicate the suita-
bility of this method for selecting antibiotics active with
respect to Rikgktteia Burneti, 16 coded preparations were
studied, obtained by number from another laboratory Zee Not.J7.
During the experiment, after the addition of antioticu the
medium was replaced once more on the fifth day, the effective
cells were counted always during the same periodt on the third,
sixth, and ninth day. All of the antibiotic was added to the
medius in doses of 30-50 micrograms/ml.

(UO01 I an thautl for A. F. Moros for obtainina the
antibiotic for this study.)
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After determination of the effect of unknown preparations
we ob-tained their coding, and on the basis of the data obtained
have prepared-the composite Table 2 based on certain experi-
ments of which it is known that the method descrioed can select
and d- .eraine the antibiotics most active with respect to
Pi'i•ct'tsia Burneti.

In the first group are antibiotics exhibiting a Ricketto-
static action. As can be seen from Table 1, erythroyycin
evidences rbP most active response to the Rickettsia Burneti.

Mon1ol4iA, novobiocyn, and oleandomycin, exhibiting
wea&. Rickettostatic effect belong to the second group; the
third group includes colimycin, grisemin, spontin, canamycin,
and micerin, which have been inactive with respect to Rickettsia
Burneti.

N •Conclusions

A- A method haten suggested for determining the activity
of antibiotics with respect to Rickettsia Burneti in vitro
in cells of chicken fibroblasts. The activity of the antibiotics
is determined from the difference in the amount of cells intently
affected by Rickettsia in the control culture and in the cultur.e
undergoing the action of antibiotics.

r. The effect of antibiotics is manifest in a 4izable reduction
Sof the propagation of Rickettsia Burnet-. in the cytoplasm of

fibroblasts, a reduction in number of Rickettsia-affected
cells, and in the elimination of the cytopathogenic effect of
Rickettsia on cells of tissue cultures.
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